We show how an emission endowed with an instantaneous thermal spectrum in the comoving frame of the expanding fireshell can reproduce the time-integrated GRB observed non-thermal spectrum. An explicit example in the case of GRB 031203 is presented.
Introduction
One aim of our model (see e.g. Ref. 1 and references therein) is to derive from first principles both the luminosity in selected energy bands and the time resolved/integrated spectra of GRBs. 2 The luminosity in selected energy bands is evaluated integrating over the equitemporal surfaces (EQTSs) 3,4 the energy density released in the interaction of the optically thin fireshell with the CircumBurst Medium (CBM) measured in the co-moving frame, duly boosted in the observer frame. The radiation viewed in the co-moving frame of the accelerated baryonic matter is assumed to have a thermal spectrum and to be produced by the interaction of the CBM with the front of the expanding baryonic shell. 
The instantaneous GRB spectra
In Ref. 5 it is shown that, although the instantaneous spectrum in the co-moving frame of the optically thin fireshell is thermal, the shape of the final instantaneous spectrum in the laboratory frame is non-thermal. In fact, as explained in Ref. 2 , the temperature of the fireshell is evolving with the co-moving time and, therefore, each single instantaneous spectrum is the result of an integration of hundreds of thermal spectra with different temperature over the corresponding EQTS. This calculation produces a non thermal instantaneous spectrum in the observer frame.
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Another distinguishing feature of the GRBs spectra which is also present in these instantaneous spectra is the hard to soft transition during the evolution of the event.
6-9 In fact the peak of the energy distributions E p drift monotonically to softer frequencies with time. 5 This feature explains the change in the power-law low energy spectral index 10 α which at the beginning of the prompt emission of the burst (t d a = 2 s) is α = 0.75, and progressively decreases for later times. 5 In this way the link between E p and α identified in Ref. 6 is explicitly shown.
The time-integrated GRB spectra -Application to GRB 031203
The time-integrated observed GRB spectra show a clear power-law behavior. Within a different framework (see e.g. Ref. 11 and references therein) it has been argued that it is possible to obtain such power-law spectra from a convolution of many non power-law instantaneous spectra monotonically evolving in time. This result was recalled and applied to GRBs 12 assuming for the instantaneous spectra a thermal shape with a temperature changing with time. It was shown that the integration of such energy distributions over the observation time gives a typical power-law shape possibly consistent with GRB spectra.
Our specific quantitative model is more complicated than the one considered in Ref. 12 : the instantaneous spectrum here is not a black body. Each instantaneous spectrum is obtained by an integration over the corresponding EQTS:
3,4 it is itself a convolution, weighted by appropriate Lorentz and Doppler factors, of ∼ 10 6 thermal spectra with variable temperature. Therefore, the time-integrated spectra are not plain convolutions of thermal spectra: they are convolutions of convolutions of thermal spectra.
2,5
In Fig. 1 we present the photon number spectrum N (E) time-integrated over the 20 s of the whole duration of the prompt event of GRB 031203 observed by INTEGRAL:
14 in this way we obtain a typical non-thermal power-law spectrum which results to be in good agreement with the INTEGRAL data 5, 14 and gives a clear evidence of the possibility that the observed GRBs spectra are originated from a thermal emission. The hard to soft behavior is confirmed. Moreover, the theoretically predicted time-integrated photon number spectrum N (E) corresponding to the first 20 s of the "prompt emission" (black bold curve) is compared with the data observed by INTEGRAL. 14 This curve is obtained as a convolution of 108 instantaneous spectra, which are enough to get a good agreement with the observed data. Details in Ref. 5 .
